We describe the population biology and life-history traits of two Eurasian ruffe [Gymnocephalus cernuus (L.) 
INTRODUCTION
The Eurasian ruffe [Gymnocephalus cernuus (L.)] (hereafter ruffe) is a European member of the Percidae family and has recently become a successful invader in parts of Europe and elsewhere (Gunderson et al., 1998) . Being a temperate zone mesothermic fish species (Hokanson, 1977) , the native distributional range of ruffe includes the Caspian, Aral, Black, Baltic and North sea basins as far as Siberia (Kottelat and Freyhof, 2007) . In the latter part of the previous century, ruffe was accidentally introduced into parts of France (Matthey, 1966) , the UK (Maitland and East, 1989; Winfield et al., 1996) and the Great Lakes region of North America (Pratt et al., 1992) , where its arrival has caused considerable concern.
This eurytopic percid is a remarkably adaptable species and thus an efficient invader. It is able to adapt to many types of water bodies and tolerates marked variations in salinity (Lind, 1977) and productivity (Persson et al., 1991; Mehner et al., 2005) as well as different habitats (Kålås, 1995; Ogle, 1998) and depths (Sandlund et al., 1985) . Ruffe is typically invertivorous (Balon et al., 1977) , feeding preferentially on benthic organisms, but also occasionally consuming zooplankton (Hölker and Thiel, 1998; Popova et al., 1998) . Fish eggs (Adams and Tippett, 1991; Kangur and Kangur, 1996; Rösch and Schmid, 1996; Winfield et al., 2004b) and small fishes (Hölker and Thiel, 1998 ; and references therein) have also been recorded in the diet of lacustrine populations, making ruffe a potentially significant predator on fish species such as coregonids (Rösch and Schmid, 1996; Winfield et al., 1996) . Fecundity is high and reproduction can start from an age as young as one or two years, with males maturing earlier than females (Berg, 1965; Popova et al., 1998; Devine et al., 2000; Lorenzoni et al., 2009 ). The species is of negligible economic value and is generally unattractive for recreational fishing, although its use as live bait by anglers fishing for pike [Esox lucius (L.)] has frequently been linked to its recent dispersal (Winfield and Durie, 2004) . Ruffe invasion raises concern about its impacts on local native fish species. A potential negative impact of ruffe on perch [Perca fluviatilis (L.)] has been recorded in laboratory experiments (Bergman, 1987; Savino and Kolar, 1996) and some but not all field studies (Bergman, 1991; Bergman and Greenberg, 1994; Winfield et al., 2004a) . Management and control of invasive ruffe populations have been attempted by stocking predators (Mayo et al., 1998) , using piscicides (Dawson et al., 1998) , or by selective removal (Popova et al., 1998; Czypinski and Ogle, 2011 however, been ambiguous (Pihu and Maemets, 1982; Dawson et al., 1998; Mayo et al., 1998; Popova et al., 1998; Czypinski and Ogle, 2011) . Although the biology and ecology of ruffe have been extensively described for the temperate-cold regions of its native parts of Europe and the parts of North America where it has been introduced (Gunderson et al., 1998 , and references therein), knowledge of its population biology and life history in more southerly Mediterranean areas is scarce and limited to the basin of the Tevere river near Rome, Italy (Carosi et al., 1998; Lorenzoni et al., 2007) . In Italy, ruffe was recorded for the first time during the 1980s in the Isonzo river (Chiara, 1986) . Subsequently, it has also been found at more westerly Italian locations at the lower stretch of the Adda river (Chiozzi, 1995) and the Po river (De Curtis and Rossi, 1999) , and at more southerly locations in lakes Piediluco and Corbara (Central Italy) of the river Tevere system (Carosi et al., 1998; Lorenzoni et al., 2007) .
In this study we describe the population biology and life history traits of ruffe introduced to two small lakes, eutrophic lake (l.) Ghirla and the oligotrophic l. Mergozzo, located in the lake Maggiore catchment in Northern Italy. The two lakes were colonised by ruffe during different time periods, being first recorded in l. Ghirla in the early 1990s (GRAIA, 2001 ) and in l. Mergozzo during the present study in 2010 and not in previous fish surveys undertaken in the mid-1990s (Giussani, 1994 (GRAIA, 2000 . Thus, these lakes offer the possibility of characterising life history traits of ruffe under different environmental conditions and at different stages of the invasion process. Moreover, as both lakes are located in the Po river basin, which is the largest river basin in Italy thereby offering a major potential for further dispersal, a detailed characterisation of the two ruffe populations may provide important insight into invasion processes in Southern Europe.
METHODS

Study sites
L. Mergozzo is a deep (maximum depth: 73 m) but relatively small (surface area: 1.83 km 2 ) lake located in Piedmont region (45°57′N, 8°27′E), and l. Ghirla is a shallower (maximum depth: 14 m) and smaller (surface area: 0.24 km 2 ) regulated lake located in Lombardy region (45°54′N, 8°49′E). L. Mergozzo is located at 193 m asl and is oligotrophic (TP ca. 4 µg L -1 ), while l. Ghirla is located at 442 m asl and is eutrophic ). The littoral substrate in both lakes consists mostly of sand and cobble, with a minor percentage of boulder and gravel. Submerged macrophytes are extremely scarce, while a reed bed (Phragmites australis) is found along the shoreline in both lakes (Volta, unpublished data) .
Fish sampling and catch processing
Benthic survey gill nets were used for fish sampling (Appelberg et al., 1995) . Each benthic net was 30 m long and 1.5 m high and composed of twelve panels with mesh sizes ranging from 5.5 mm to 55 mm. In l. Ghirla, fish were sampled between 5 and 8 October 2010, 16 gill nets were distributed randomly within three different depth strata (0 to 2.9 m, 3.0 to 5.9 m, and deeper than 6.0 m). In the deeper l. Mergozzo, fish were sampled between 12 and 14 October 2010, 32 nets were set in seven depth strata (0 to 2.9 m, 3.0 to 5.9 m, 6.0 to 11.9 m, 12.0 to 19.9 m, 20.0 m to 34.9 m, 35.0 to 49.9 m, and deeper than 50.0 m). The number of nets in each lake was determined in order to sample with approximately the same effort in each depth stratum. Nets were set at dusk between 6 and 7 p.m. and lifted the following morning between 7 and 8 a.m.
Captured fish were measured (total length to nearest 0.1 cm, L T ), weighed (fresh total weight to nearest 0.01 g, W T ) and sexed (female, male, indeterminable) by examination of gonads. Gonads were excised and weighed to nearest 0.01 g. Ten scales from each ruffe were taken from behind the pectoral fin and under the lateral line and subsequently used for age determination, with 15 May considered the nominal date of birth. Stomachs of ruffe were removed and stored in 3% formaldehyde for subsequent diet analyses.
Data analysis
Catch per unit effort was calculated as fish biomass per unit effort (BPUE, g net -1 ) and fish number per unit effort by nets (NPUE, number net -1 ) for individual species and for all species pooled.
For ruffe, the relationship between W T and L T (log transformed) was calculated for males, females and males, and females pooled using the model:
Actual length-at-age of ruffe was used to estimate the parameters of the von Bertalanffy (1938) growth function (VBGF) according to the equation:
where L ∞ is the theoretical asymptotic length (cm) that an average fish may achieve, K is the constant [year (y -1 )] which determines how fast the fish approaches L ∞, and t 0 (y) is the hypothetical age at L T =0.
Relative weight (Wr) was calculated for the two ruffe populations by dividing the observed total weight by the standard weight (Ws) calculated by means of the quadratic EmP Ws 50 equation following Ogle and Winfield (2009 where Ws 50 is a length-specific standard weight (based on the 50 th percentile of mean weights predicted by a lengthweight regression from 91 ruffe data sets obtained from waters across Europe and the Laurentian Great Lakes). As suggested by Ogle and Winfield (2009) The Phi'-prime index (Pauly and Munro, 1984 ) was calculated to compare the growth performance of ruffe as:
Diet analysis
Stomach solid contents were isolated using a filter before drying for 15 minutes on blotting paper. Prey items were identified as accurately as possible to genus or species level under a stereomicroscope. Benthos and zooplankton were identified according to Campaioli et al. (1994) and Margaritora (1983) , respectively.
Data were analysed using a two-dimensional representation of the diet as described by Amundsen et al. (1996) , with every point representing, for each prey type, the frequency of occurrence (Si) (i.e. the percentage ratio between the number of stomachs where the prey i was found and the total number of stomachs) and the prey-specific abundance (Pi) (i.e. the percentage that a prey taxon comprises of all prey items only in those stomachs where that prey occurs). Using this method, it is possible to assess the importance of the prey in the diet (dominant or rare) and the type of diet (specialised or generalised), both of which are linked to the between-and within-phenotype contributions to the niche width. In a population with a high betweenphenotype component, different individuals specialise on different resource types, whereas in populations with a high within-phenotype component, most of the individuals utilise many resource types simultaneously.
For each lake, food niche overlap between the different age classes (0+, 1+, 2+) and average values for each lake were calculated using Schoener's index (Schoener, 1970) :
where α is the index value, n the number of prey categories, V.I. xi the proportion of the prey category i in species X, and V.I yi the proportion of the prey category i in species Y. V.I. was calculated as follows:
where %N is the percentage ratio between the number of prey in the stomachs and the total number of prey, and Si has been defined above. The α index ranges from 0 (no overlap) to 1 (complete overlap).
Statistics
Differences between the median sizes (total length) and relative weight Wr of the two populations were tested with Mann Whitney U tests. Differences in Wr within each population were tested by Kruskal Wallis test. Differences in the length-weight ordinary least squares (OLS) regressions and weight of the gonad (adjusted for body size and lake) of ruffe were tested by ANOVAs. Differences of VBGF parameters (L ∞ , t0, and K) among different groups were determined by the analyses of variance of several VBGF models. Models include a general model containing separate VBGF parameter estimates for individuals in each group, and different common models with one, two or three parameters in common between the groups. The best (most parsimonious) model was identified by using the Akaike information criterion (AIC). Uncertanties in VBGF parameters were assessed by bootstrapping. Phi' variability was determined by using boostrapped confidence intervals of VBGF. Differences in the proportion of females were tested by Chi-square tests. Differences were significant with P<0.05.
Statistical analyses were performed in R software version 2.15.2 (R Development Core Team, 2010) by means of the FSA and NCStats packages (Ogle, 2012 ) the nlstools package and Sigmaplot software version 11 (Systat Inc., Chicago, IL, USA; Baty and Delignette-Muller, 2012) .
RESULTS
Fish sampling
Total NPUE was seven times higher in l. Ghirla than in l. Mergozzo, and total BPUE was four times higher (Tab. 1). Six and 15 species were sampled in l. Ghirla and l. Mergozzo, respectively. In l. Ghirla, perch and roach [Rutilus rutilus (L.)] dominated in numbers, followed by rudd [Scardinius erythrophthalmus (L.)] and ruffe. Roach was by far the most abundant species in l. Mergozzo followed by ruffe, perch and rudd.
Ruffe population characteristics
In both lakes, ruffe were captured at all depth strata except the deepest one (Fig. 1A) . The NPUE of ruffe was less N o n c o m m e r c i a l u s e o n l y than twofold higher in l. Ghirla than in l. Mergozzo whilst the BPUE was similar in the two lakes (Tab. 1). The median length of ruffe was higher (Mann-Whitney, U=844.50, P=0.041) in l. Ghirla (11.6 cm ±0.31SE) than in l. Mergozzo (8.7 cm ±0.31SE) (Fig. 1B) . Five age classes (age 0 + to 4 + ) were found in l. Mergozzo and three age classes (age 0 + to 2 + ) were detected in l. Ghirla (Fig. 1C) .
Body growth
Body growth data are shown in Fig. 2 (Figs. 3A and 3C ), indicating higher, but decreasing differences in weight for length in l. Mergozzo. In contrast, the length-weight regressions for females had the same slope (F=0.91, P=0.351, d .f.=1), but different intercepts (F=11.45, P=0.001, d.f.=1), indicating a constant higher weight-for-length in l. Mergozzo (Fig. 3B) . The exponents (b) for the weight-length regressions in l. Ghirla were not significantly different from 3 (P>0.05) indicating isometric growth in males, females and the sexes pooled. The same result appeared for females in l. Mergozzo, whilst the b value of the weight-length regressions for males and all sexes pooled in l. Mergozzo was significantly less than 3 (P=0.005 and P=0.006, respectively) indicating negative allometric growth.
In both lakes the relative weight Wr was not statistically different between the various length categories for males, females, and males and females pooled (KruskalWallis, P>0.05). Significant differences between lakes were detected for males (Mann-Whitney, U=436.0, P=0.009), females (Mann-Whitney, U=34.5, P=0.034) and males and females pooled (Mann-Whitney, U=708.5, P<0.001), indicating higher Wr in l. Mergozzo (Tab. 2). The VBGF parameters for length are shown in Tab. 2 and length-at-age data are presented in Fig. 3A for males, 3B for females, and 3C for males and females pooled, respectively. The comparison of the VBGF parameters (Tab. 3) showed that the best model for males and pooled sexes was the one with L ∞ and K in common, whilst the model with all three parameters in common (common model) was most parsimonious for the females. Thus, the t 0 parameter was significantly higher for males, and males and females combined in l. Mergozzo than in l. Ghirla. For the other parameters no significant differences were detected.
Tab
The proportion of females in the sample was 0.31 in l. Ghirla and 0.29 
Diet and intraspecific food niche overlap
In both lakes, the stomach contents of ruffe comprised both benthic and pelagic organisms but were dominated by benthic invertebrates (Fig. 4) . Chironomid larvae were the most abundant food items in l. Mergozzo (Fig. 4A) , whilst in lake Ghirla organisms of the Nemertea order also occurred in high abundances, although less frequently than chironomid larvae (Fig. 4B) . The ratio between benthic and pelagic organisms (based on number) in the diet increased significantly with increasing fish size in both lakes (exponential fit, P<0.05, R 2 =0.397 for l. Mergozzo and R 2 =0.253 for l. Ghirla). The food niche overlap was generally relatively low in both l. Mergozzo (α=0.623) and l. Ghirla (α=0.558). Among age classes, the food niche overlap was highest between 0 + and 1 + individuals in both l. Mergozzo (α=0.758) and l. Ghirla (α=0.678), but then decreased between 1 + and 2 + (α=0.629 and α=0.498, respectively) and 0 + and 2 + (α=0.492 and α=0.498, respectively).
DISCUSSION
Alien invasive species are often characterised by high physiological tolerance and functional characteristics enabling them to occupy vacant niches in the life history space and to spread rapidly (Moyle and Marchetti, 2006; Bollache et al., 2008) . This study shows that ruffe is not an exception. Indeed, although this species has been reported to typically colonise meso-eutrophic environments in Northern Europe (Persson et al., 1991; Jeppesen et al., 2000; Mehner et al., 2005) , the results of the present study reveal that ruffe is capable of establishing viable and large populations irrespective of the trophic level of the invaded lake.
Our results indicate a better body condition for ruffe in the oligotrophic and more recently invaded l. Mergozzo as the body growth and relative weight here were higher than in eutrophic l. Ghirla. Furthermore, gonad weight (adjusted for body size) was higher in l. Mergozzo than in l. Ghirla. This concurs with Devine et al.'s findings (2000) and shows that expanding ruffe populations have a stronger reproductive potential than well-established ones, although we cannot rule out factors unrelated to invasion chronology and more related to the difference in depth (Emmrich et al., 2011) or water level fluctuations (Sutela et al., 2011) . Overall, our findings indicate that the ruffe population in l. Mergozzo apparently is still undergoing a boom-and-bust development, as often detected in the early phases of fish invasions (Salonen et al., 2007; Volta and Jepsen, 2008; Liso et al., 2011) , while the population in l. Ghirla, established more than 15 years ago, is more balanced and stable. Similar patterns in ruffe population dynamics have been recorded in other lakes, for instance in a new reservoir in Russia (Popova et al., 1998) , in Loch Lomond (UK) (Devine et al., 2000) and Llyn Tegid (UK) (Winfield et al., 2011) .
The calculated body growth parameters of ruffe in l. Mergozzo and in l. Ghirla including asymptotic length (Tab. 4) were within the range of those previously reported in the literature. However, the number of age classes found was lower than that of other European lakes (Tab. 3 in Ogle, 1998) . Also, the Phi' values are among the highest recorded, indicating a fast growth rate characteristic of fish living in eutrophic environments and/or warm waters at southern latitudes (Blanck and Lammoroux, 2007; Jeppesen et al., 2010 Jeppesen et al., , 2012 . Additionally, in both lakes we found ruffes to have well developed gonads, indicating that all fish were likely to reproduce during the next spawning season, at age 1+. Our results, therefore, provide further evidence that fish at southern latitudes tend to grow faster and reproduce earlier (Blanck and Lammoroux, 2007; Jeppesen et al., 2010 Jeppesen et al., , 2012 . The food niche overlap between age classes was low in both lakes and benthic organisms, especially chironomids, were the main food items for ruffe, together with smaller amounts of zooplankton. The importance of chironomids in the diet is well-known for both northern (Kålås, 1995; Kangur et al., 1999) and southern European lakes (Lorenzoni et al., 2007) . Zooplankton consumption, in contrast, is limited to summer periods and young individuals (Bergman, 1991; Kålås, 1995) . Indeed, we found a significant increase of benthos in the diet with increasing fish size, which is in agreement with many earlier studies (Hölker and Thiel, 1998; Kangur et al., 2003; Reszu and Specziar, 2006; Tarvainen et al., 2008) classifying ruffe as an invertivore (Balon et al., 1977) . However, it must be noted that our study covered a limited time period in Tab. 4. Life history parameters, including Von Bertalanffy growth function parameters, of the ruffe populations of lake Ghirla and lake Mergozzo compared with populations in other European waters. Pauly and Munro (1984) . October, potentially preventing us from detecting other feeding patterns such as predation on fish eggs, larvae or juveniles as found in some other lakes (Kangur and Kangur, 1996; Rösch and Schmid, 1996; Winfield et al., 1996 Winfield et al., , 2004b Etheridge et al., 2011) .
CONCLUSIONS
In conclusion, the results from our study lakes revealed that ruffe has been capable of establishing viable and large populations irrespective of the trophic level of the invaded lake and that the population densities have subsequently remained relatively high. The observed differences in life history traits of the two populations probably reflect differences in the timing of colonisation and appear to override the effect of lake trophic status. The data collected in this study provide a valuable starting point to explore the ecology of ruffe in the lakes of Northern Italy. 
